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Synthesis and characterization
Materials
2,5-Dibromopyridine, 2,5-dibromopyrimidine, 2,5-dibromopyrazine and 9H-carbazole were purchased from Energy Chemical Corp. and used as received without purification. Copper power and potassium carbonate were obtained from commercial suppliers.
Measurements and Instruments
Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker Ultra Shield Plus AV400 spectrometer ( 1 HNMR 400 MHz and 13 C NMR 100 MHz) with CDCl 3 as the solvents and tetramethylsilane (TMS) as the internal standard. Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) was measured utilizing a Shimadzu AXIMA-CFR mass spectrometer. Elemental analyses were performed on an Elementar Vario EL III elemental analyzer. Scheme S1. Synthetic route of PyDCz, PymDCz and PyaDCz.
9, 9'-(Pyridine-2, 5-diyl)bis(9H-carbazole) (PyDCz):
To a 250 mL round-bottom flask charged with 2,5-dibromopyridine (3 g, 12.8 mmol), 9H-carbazole (6.5 g, 38.9 mmol), copper power (1.12 g, 11.3 mmol) and potassium carbonate (15.7 g, 113 mmol) was injected 40 mL nitrobenzene (PhNO 2 ) using a syringe under an argon atmosphere. The resulted mixture was allowed to be stirred at 180°C for 48 h. After the completion of the reaction, the mixture was extracted with dichloromethane (DCM) for three times (3×50 mL). 1 The organic phase was separated, collected, dried, and concentrated under S4 reduced pressure. The crude solid product was further purified by column chromatography on silica gel with PE/CH 2 Cl 2 (v:v = 2:1) as the eluent to afford a white solid (yield: 90%). 1 
9, 9'-(Pyrimidine-2, 5-diyl)bis(9H-carbazole) (PymDCz):
PymDCz was prepared under the identical synthetic conditions described in the preparation of PyDCz using 2,5-dibromopyrimidine (3 g, 12.7 mmol), 9H-carbazole (6.5 g, 38.9 mmol), copper power (1.12 g, 11.3 mmol) and potassium carbonate (15.7 g, 113 mmol) (yield: 85%). 1 
2, 5-Di(9H-carbazol-9-yl)pyrazine (PyaDCz):
PyaDCz was prepared under the identical synthetic conditions described in the preparation of PyDCz using 2,5-dibromopyrazine (3 g, 12.7 mmol), 9H-carbazole (6.5 g, 38.9 mmol), copper power (1.12 g, 11.3 mmol) and potassium carbonate (15.7 g, 113 mmol) (Yield: 92%). 1 
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Single crystal and NCI analysis
Single crystals of PyDCz, PymDCz and PyaDCz were grown by slow evaporation of combined dichloromethane and petroleum ether solutions at room temperature. X-ray crystallography was carried out on a Bruker SMART APEX-II CCD diffractometer with graphite monochromated Mo-Kα radiation at 296 K. The crystal structures were analyzed by Mercury 1.4 software and the structure data were summarized in Table S1 . The CIF files of the single crystals were also attached. Nonbonding covalent interaction analysis (NCI) were adopted to investigate the intramolecular interactions using Multiwfn version 3.3 software based on the optimized molecular structures at the ground state (S 0 ). NCI isosurface plots were performed with color scaling that the dark blue color represents an attractive interaction, while dark red color represents Isovalue of RDG is set to 0.5, while that of sign(λ 2 )ρ on the surface is represented by filling color according to color bar at the bottom from blue to red (from -0.05 to 0.05 a.u.). 
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Optical properties
UV-vis absorption spectra were obtained using a Jasco V-750 spectrophotometer.
Fluorescence and phosphorescence spectrums were measured using an Edinburg LFS980 fluorescence spectrophotometer. The time-resolved phosphorescence spectra of the compounds were collected at 77 K in 2-methylfuran with a 5 ms delay time after excitation at 320 nm using a microsecond flash lamp. electron (e) reorganization energy (λ h/e ), in principle, can be calculated in Equations S1 and S2. 
Electrochemical properties
Electrochemical properties were investigated by cyclic voltammetry (CV) measurements, which were carried out at room temperature on a CHI660E system in a typical three-electrode cell with a working electrode (glass carbon), a reference electrode (Ag/Ag + ), and a counter electrode 
